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The technique of utilizing fluorescent proteins, such as green fluorescent protein (GFP), are powerful tools 

used to study characteristics of protein localization and movement in vivo, however, limitations are 

encountered when attempting to observe fine detail ultrastructure. Correlative light and electron 

microscopy (CLEM) provides a solution to these limitations by allowing for the detection of EM-level 

structure in addition to fluorescence / light information at the same region of interest. Therefore, to obtain 

both light and electron micrographs of cellular components, we developed a CLEM system (MirrorCLEM) 

and successfully visualized the GFP-labeled organelles in plastic resin by using a combination of laser 

scanning confocal microscopy (LSCM) and field-emission scanning electron microscopy (FE-SEM). 

 

Arabidopsis thaliana seedlings expressing GFP-labeled organelles, including peroxisomes and ER, were 

fixed with a formaldehyde-glutaraldehyde solution and then embedded in LR White acrylic resin. The 
resin blocks were sectioned with an ultra-microtome and semi-thin sections were placed on a round 

coverslip with an embossed grid pattern. To detect the fluorescence of GFP in plant organelles, thick 

sections of acryl-resin embedded samples were observed with LSCM. GFP fluorescence signal dissipates 
due to low pH of the resin but recovery of these fluorophores for tissue embedded in acryl-resin has been 
achieved by utilizing alkaline solutions such as Na2CO3 and NaOH [3]. This method is especially useful 

regarding fluorescence detection in resin-embedded material for super resolution microscopy and two- 

photon microscopy because these microscopic observation techniques are unsuitable for live imaging. To 
recover fluorescence in this experiment, a 0.1M Na2CO3 solution was applied to the thick section and GFP 

signal of peroxisomes observed with LSCM. Moreover, the effective fluorescence recovery of GFP in 

embedded thick sections using commercially antifade reagents was also tested. Thick sections were treated 

using antifade regents and fluorescence recovery compared via LSCM. The GFP fluorescence treated by 
antifade regents was observed to be brighter than that of Na2NO3 treatment. 

 

After fluorescence imaging was conducted, the same sections on coverslips were stained with uranyl 

acetate plus lead citrate and put on the CLEM stage (Hitachi High-Tech). The specimen was observed 

with FE-SEM (Hitachi SU8220) and the images were acquired using YAGBSE detector at 5 kV, high 

current mode. After quick alignment of fluorescence images and FE-SEM stage, the regions of interest 

expressing GFP fluorescence were acquired and merged by CLEM system “MirrorCLEM”. The latest 

version of MirrorCLEM includes light micrograph following mode with a ‘drag-and-drop’ feature 

whereby clicking in the light micrograph with the cursor will automatically move the FE-SEM stage to 

the same position and same magnification. The obtained FE-SEM images transfer to the light micrograph 

map easily and accurately with the MirrorCLEM system being very advantageous for correlation of light 

micrographs (such as GFP, toluidine blue O, etc.) with electron micrographs. 
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Figure 1. Overlay of FE-SEM image on a LSCM image of GFP-labeled peroxisomes in a resin embedded 

Arabidopsis cotyledon. Images A & B, maps of LSCM and FE-SEM micrographs merged by 

MirrorCLEM. Images C-E, higher magnification data set of image B ROI. Region of interest for LSCM 

image for GFP (C), FE-SEM image (D), and overlay image of FE-SEM image on the LSCM image (E). 

Acc. Voltage: 5 kV, Mag.: x5 k, Signal: Peroxisome-GFP & DIC (laser scanning confocal micrographs), 

YAG-BSE (FE-SEM image). 
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